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This unit is the first in a series of nine units discussing the operation, 
description, troubleshooting and maintenance of transmissions. The 
scope of this unit will cover the standard, manually operated type of 
transmission and its purpose, construction and variations in design. 



__ SECTION A ~ PURPOSE OF TRANSMISSIONS 

PURPOSE -- The transmission, or gear changer, provides a means of 
varying the gear ratio between the engine and the rear wheels of a 
vehicle. Through the transmission, an engine crankshaft may be made 
to turn approximately four, eight, twelve, or sixteen times for each 
wheel revolution. In many vehicles, where very slow speeds and a great 
quantity of torque is required, the ratio is much greater. Also there are 
reverse gears which permit backing the vehicle. 

LOCATION -- As we learned in the previous unit, the transmission is 
located to the rear of the engine, between the clutch and the drive line 
assembly. 



. .SECTION B RATiaDIFFERENCE 

GEAR RATIOS AND TYPES OF GEARS -- What is a gear? A gear is a 
wheel with projections on it, called teeth. These teeth may be on the 
edge, on the aide, or halfway between. A gear usually is fastened to a 
shaft. Sometimes it turns and applies a twisting force to the shaft, and 
sometimes the shaft turns tlie gear with if. 

4 

The simplest type of gear is the SPUR gear; see Figure 1. It has its 
teeth cut straight across the edge. For years it was almost universally 
used, but recently other types have become more common in the trans- 
portation field. 
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IQfz • — i. Spur gears . Fig . 2 Helical gears . Fig « 3 Herringbone 

gears. 

Another type is the HELICAL gear; see Figure 2. It is the same as the 
spur gear, except that its teeth are cut at an angle. The teeth of the gear 
it meshes with must of course be cut at the same angle. It usually is 
quieter than the ordinary spur gear, and for that reason is preferred for 
many uses. For the same reason, HERRINGBONE gears are used. 

These are like two helical gears fastened together tightly side by side, 
see Figure 3. Both of these gears provide greater tooth contact area, 
which reduces the psi load. Or conversely, both can handle larger loads 
for a given gear width. 



When our power must turn a corner, we ordinarily use a BEVEL gear; 
see Figure 4. The teeth of this gear are not cut on the edge. They are 
cut, we might say, across the corner. The most commonly used bevel 
gear is the SPIRAL BEVEL GEAR, such as used in automobile and truck 
differentials; see Figure 5. The spiral bevel gear is somewhat like a 




Fig. 4 Spur bevel gears. 



Fig. 5 Spiral bevel 
gears . 
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a helical gear, except that the teeth, in addition to being set at an angle, 
also are curved. 

We will leave out most of the technical terms, but there is one that should 
be explained. PITCH DIAMETER is the diameter of the pitch circle; see 
Figure 6. The pitch circle is an imaginary line running through the gear 
teeth at a point usually a little outside the half-way point of the teeth. 
Hereafter, when we speak of the gear size , we will mean the pitch 
diameter, as that is what really determines its speed and other character- 
istics. 

There is still another way of classifying gears: They can be external or 
internal . To most people the word "gear" will always bring to mind a 
picture of an external gear, and they wiU be correct a great percent of the 
time. But internal gears do play an important part in some mechanisms, 
as we will see later. An internal gear is simply a ring with teeth cut on 
the inside instead of the outside. Transmission planetary gears are a 
good example of internal gears, and will be discussed in more detail; see 
Figure 7. 

A gear has been compared with a spinning lever. It can increase or de- 
crease torque in exactly the same way a lever increases or decreases 
force. An important thing to remember is that if we have a small gear 
fastened onto a shaft driving a bigger gear on another shaft, the torque on 




Fig. 6 Pitch diameter. 



Fig. 7 Internal gear. 



AM 2-2 



the second shaft will be increased. In other words, the second s ha ft will 
have more twisting force than the first shaft has. 

If we have an engine driving: the small gear, our system now will be able to 
turn something - a machine of some sort - that the engine could not turn 
when they were connected directly together. 



The amount of torque increase depends on the relative size of the gears. 

If the diameter (pitch diameter) of the second gear is twice the diameter of 
the first gear, the torque will be doubled. If the second gear is three 
times as big, the torque will be three times as much, etc. But if the 
driving gear is twice as big as the driven gear, the output torque will be 
cut down to 1/2 (one -half) the input torque. With a given gear system, 

torque also is proportional to the relative numbers of teeth on the drive 
and driven gears. 

In all we have discussed thus far we must remember one thing-: We are 
not discoverers ol. perpetual motion nor c an we claim that we get more 
power out of_the engine because we have added some gears to the system. 
We are still dealing. with levers, and they still follow the same rules. 

With levers we say that, "whatever we .gain in force we lose in distance". 
When talking about gears and shafts we say "whatever we gain in torque 
we lose in speed". The two statements are not exactly the same, but we 
can think of them that way for the moment. 



The- best way to show this is to count the number of teeth on two gears; see 
Figure 8. The teeth must be the same size in order to fit together properly. 
Therefore, if the diameter of one gear is twice the diameter of the other, 
the big one must have twice as many teeth as the small one. Let us say 
24 and 12 teeth respectively; see Figure 8 (a) . As the small one, the 
driving gear, goes half-way around, its six teeth have meshed with six 
teeth of the larger gear; see Figure 8 (b). Notice that the large gear has 
made only a quarter-turn. 
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As the small gear makes 
one revolution, the large 
gear only turns halfway; 
see Figure 8 (c). For the 
large gear to turn once, 
the small gear has to 
make two revolutions; 
see Figure 8 (d). So 
for every two revolu- 
tions of the small 
driving gear the large 
driven gear revolves 
only once. And for 
every 1000 revolutions 

of the small gear the large one has made only 500 revolutions. Therefore, 
if an engine driving the small gear is running at a speed of 1000 revolutions 
per minute (rpm) the machine driven by the large gear is turning at a 
speed of only 500 rpm. We have doubled the torque furnished by the 
engine. We have increased the twist on the second shaft so that now it 
can turn the machine when perhaps it could not do this previously. 




(c) Id) 

Fig. 8 Explanation of torque and speed. 



We have just attempted to explain, to some degree, gear ratio : the amount 
of change in torque and speed. If the driving gear has 10 teeth and the 
driven gear has 30 teeth, it will take three revolutions for the first gear 
to get the second gear all the way around, through one revolution. Thus 
the speed of the driven gear will be one -third of the driving gear, and we 
know that the torque will be multiplied by three. We would say that the 
gear ratio is 30/10 or 3 to 1. This applies equally as well if we have an 
odd combination of numbers, such as 39 to 19, only it is not so easy to do 
the mathematics. The gear ratio would be 39/19 or a little over 2 to 1. 

The gear with the greater number of teeth will always run more slowly 
and will deliver more (greater) torque. 
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The purpose of. gears in soma mechanisms is to act as speed reducers. 

In other cases, we need more torque and less speed, and we thus gain 
two ways. Sometimes we may want to increase the speed, but do not need 
as much torque as. the engine is capable of delivering. 

We may have a machine that needs to run at 2000 rpm, and an engine 
running at 1000 rpm. In this case, we use a gear ratio of 2 to 1, but we 
have to put the large gear on the engine shaft and the small one on the 
machine shaft. The torque will be cut in half. But, if the engine has 
enough power to drive the machine under those conditions, the machine 
will run at required speed of 2000 rpm. If we need more torque and more 
speed, there is nothing we can do, except to get more power from the 
engine. 

What we have been saying is really the same thing as is expressed by the 
formula found in text bookst that power equals torque times speed . The 
gears cannot change the power; that stays the same. Therefore, if the 
torque increases, the speed must decrease; if the speed goes up, the 
torque must go down. 

In some mechanisms we have more than two gears between the input and 
the output. A clock or watch is a good example. Suppose we look at 
some multiple gear arrangements; see Figure 9. We will go back to our 
same two gears with 12 and 24 teeth, and add another pair of gears to the 
system. They are just like the first two, 12 and 24 teeth respectively, 
and a small gear (C) is fastened to the same shaft as the large gear (B). 
Now let us follow the power flow path through this gear train. The engine 
is connected to the top shaft and is still running at 1000 rpm. We already 
know what happens to the first two gears. The speed is cut in half and the 
torque is doubled. So our second shaft is turning only 500 rpm, which 
means that gear (C) is turning at that same speed. 
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Trig. 9 Multiple gear arrangement. Fig. 10 Typical gear arrangement. 

Now we can forget about the first two gears and consider only gears (C) 
and (D). We know what happens there too, because they are just the same 
gears, with a ratio of 2 to 1. Our speed will be reduced by one -half again, 
and the torque doubled once more. So our last shaft, which is driving a 
machine, is turning at only 250 rpm, but it is applying to the machine a 
torque or twist four times as much as that delivered by the engine. The 
overall ratio of the whole system is 4 to 1. 

In a simple case such as the one just explained, we can get the same 
effect by using only two gears of the proper ratio. Sometimes, however, 
there is too great a difference for this arrangement to be efficient, and 
sometimes it is a matter of convenience or space saving. In actual 
practice, we ordinarily would not arrange the gears as we have in the ex- 
ample just explained. We would save space by moving the third shaft up 
above the second; see Figure 10. The result would be exactly the same, 
and we would have the added advantage that the first and third shafts would 
be directly in line. What we really have here now is a simplified arrange- 
ment of a conventional automobile transmission. The third shaft would 
extend back to the rear axle to drive the wheels. 

There is another feature in using four gears here instead of two, which is 
sometimes an advantage. This brings up something that has not been 
mentioned, which has to do with direction of rotation. Looking at a pair 
of gears, it is easy to see that if one shaft rotates in one direction, the 
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other must rotate in the other direction. If one runs clockwise, the other 
must go counterclockwise. Gears sometimes are used in order to re- 
verse the direction of rotation and for no other reason. 

If we want the output shaft to run in the same direction as the input shaft, 
we must use at least three gears. Or, we can use a combination of gears 
such as we have been discussing. To find out which way the final shaft 
turns in any complicated system of gearing, one of the best procedures 
is to go through the whole system and figure out which way each gear turns. 
And do not forget the exception to the above: when an ordinary external 
gear is driving an internal gear, both shafts will turn in the same direction. 

The purpose and location of the transmission have been mentioned before -- 
to let us vary the speed and torque of the rear axle in relation to the speed 
and torque of the engine. Next, we will discuss the simple three speed 
conventional transmission. FIRST SPEED, or low gear (see Figure 11) is 
used for starting and for steep hills or heavy going in sand, mud, etc . It 
lets the engine run fast while the vehicle runs slow. The engine runs at 
2 1/2 to 3 times as fast as the drive shaft. The exact figure varies in 
different vehicles. In short, the torque of the drive shaft is increased as 
the speed is reduced. Thus we have a lot of twist (torque) on the rear 
wheels to get the vehicle started from a stand-still. 

This is accomplished with four gea,rs and three shafts. A small gear on 
the shaft from the clutch drives a larger gear fastened to the transmission 
countershaft. Another smaller gear fastened on the countershaft drives a 
large gear on the third shaft. The last (third) shaft goes to the drive shaft. 

In the arrangement just described there is a certain speed reduction in the 
first two gears, and there is more reduction in the second set of gears. 

The countershaft is running at a speed in between the speeds of the other 
two shafts. The third (output) shaft is running slower (most slowly) than 
the other two, but with the most torque. 
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Fig . 11 First or low gear. Fig. 12 Second or intermediate gear. 

SECOND, or intermediate gear (see Figure 12) works in about the same 
way. The first two gears are the same as we used in low gear. The 
next pair are different. They are almost the same size, and sometimes 
the countershaft gear may be the larger. Thus the countershaft runs at 
the same speed as before, but there is little if any additional reduction 
from that to the third shaft. So, the wheels will run faster for the same 
engine speed than they did in low gear. A typical ratio in second gear is 
around 1 2/3 to 1. This means that the drive shaft will run at 1000 rpm . . 
when the engine is running at 1670 rpm. 

THIRD, or high gear , is direct drive (see Figure 13) . The transmission 
does not do anything. We simply connect the first (input) shaft with the 
(output) third shaft, and they turn together, as one. The drive (propeller) 
shaft turns the same speed as the engine, and delivers engine torque. 

In this case the ratio would be 1 to 1. 

Besides the three forward speeds, there are two other combinations we 
can get in the transmission. There is NEUTRAL, in which the transmission 
shaft is disconnected from the clutch shaft, and the engine cannot drive the 
propeller shaft or anything beyond the transmission. The neiitral position 
has about the same effect as disengaging the clutch. 
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Then, there is REVERSE. It is a complicated matter to make an in- 
ternal combustion engine run backwards, so in most cases it is rim in 
one direction all the time and gears are used to reverse the direction of 
the propeller shaft; see Figure 14. An extra gear is put in between the 
. countershaft and the final drive shaft. It is called a reverse idler. The 
countershaft is driven the same way as before, it drives the reverse idler, 
which in turn drives a low speed gear on the final (propeller) drive shaft. 
The system is just like low gear that was described before except for the 
extra gear. The extra gear changes the direction pf rotation, and it is 
easy to see that the final. drive shaft is turning opposite to what it was in 
all the previous cases. The ratio in reverse is about the same as low 
gear, or even lower. J . 



We have discussed the combinations in the ordinary, three speed trans- 
mission. They can be put together in various ways to make the complete 
transmission. Some of the first transmissions used to slide the gears 
back and forth on the shafts to get them into mesh and out of mesh. This 
was done by using a splined or grooved shaft. In this manner, a gear is 
fastened to the shaft as far as revolving is concerned, but it can slide 
along the revolving shaft to different locations. 



o 

ERIC 



10 



AM 2-2 



SECTION C — CONSTANT MESH TRANSMISSION 

The most commonly used transmission now is the constant mesh trans- 
mission. Some of the gears still slide, but some are constantly in mesh 
with each other and rotate all the time. The gears in a constant mesh 
transmission do not necessarily drive the shaft; they are free to rotate 
on it until they are connected to it by a clutch. 

The clutch just mentioned is not a friction 
clutch, but is a positive clutch, more like 
a gear having teeth that fit into similar 
teeth on the gear; see Figure 15. It is 
called a clutch because its only job is to 
connect or disconnect the gear and the shaft. 

To eliminate the usual transmission noise 

Fig . 15 Positive clutch. 

developed in the old type spur -tooth gears 
used in the sliding gear transmission, the 

manufacturers developed the constant mesh transmission, which contains 
helical gears. In this type of transmission certain coimter shaft gears are 
constantly in mesh with the main shaft gears. The main shaft meshing 
gears are arranged so that they cannot move endwise. They are supported 
by roller bearings so that they can rotate independently of the main shaft. 

In operation, when the shift lever is moved, it moves the shifter fork which 
in turn moves the clutch gear. This movement engages the external teeth 
of the clutch gear, with the internal teeth locking the two halves together 
and they turn as one. The clutch gear is splined to the main shaft, and 
therefore, the main shaft rotates with the clutch gear; see Figure 16. 

Constant-mesh gears are seldom used for all speeds. Common practice is 
to use such gears for the higher gears, with sliding gears for first and 
reverse speeds or for reverse only. 
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Fig. 16 Disassembled main shaft assembly. 



SECTION D — FOUR-SPEED TRUCK TRANSMISSION 
POWER FLOW 



The gear shift lever positions shown in Figure 17 are typical of most four- 
speed truck transmissions. The gear shift lever, shown at (A), (B), (C), 
(D), and (E) in Figure 17 changes the position of the two shifting forks, 
which slide on separate shafts secured to the transmission case cover. 
Follow the separate diagrams to learn what takes place in shifting from 
one speed to another. For example, as you move the top of the gear shift 
lever toward the forward left position, the lower arm of the lever moves 
in the opposite direction to shift the gears. The fulcrum of this lever is 
in the transmission cover. 

In shifting transmission gears it is necessary to use the clutch to dis- 
engage the engine. Improper use of the clutch will cause the gears to 
clash, and may damage them by breaking the gear teeth. A broken tooth 
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Fig. 17 Power flow through a four-speed transmission. 

or piece of metal can wedge itself between two moving gears and ruin the 
entire transmission assembly. 

When you shift from NEUTRAL to FIRST or LOW speed (see Figure 17 (a) ), 
the smallest countershaft gear engages with the largest sliding gear. 

LOW gear moves the truck at its lowest speed and maximum power. An 
arrow indicates the flow of power from the clutch shaft to the propeller 
shaft. 

The SECOND speed position is obtained by moving the gear shift lever 
straight back from the LOW speed position. As mentioned before, you 
will use the clutch when shifting gears. In Figure 17 (b), the next to the 
smallest countershaft gear is in mesh with the second largest gear. The 
largest sliding gear (shift gear) has been disengaged. The flow of power 
has been changed as shown by the arrow. The power transmitted to the 
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wheels in SECOND gear (second speed) is less, but the truck will move at 
a greater speed than it will in LOW gear, if the engine speed is kept the 
same. 

In shifting from the.SEDQND speed to the THIRD speed position, you 
move the gear shift through the neutral position. This is done in all 
selective gear transmissions. From the NEUTRAL position the driver 
can select the speed position required to get the power he needs. In 
Figure 17 (c) notice that the .gear shift lever is in contact with the other 
shifting fork, and that the forward slide gear has been meshed with the 
second countershaft gear. The power flow through the transmission has 
again been changed, as indicated by the arrow, and the truck will move 
at an intermediate, speed, between SECOND and HIGH. 

FOURTH or HIGH speed position is obtained by moving the top of the shift 
lever back and to the right from the NEUTRAL position. In the HIGH 
speed position, the forward shift or sliding gear is engaged with the 
constant speed gear as shown in Figure 17 (d). The clutch shaft and the 

a 

transmission shaft are now locked together and the power flow is in a 
straight line. In HIGH, the truck propeller shaft revolves at the same 
speed as the engine crankshaft, or at a 1 to 1 ratio. 

You shift to REVERSE, (see Figure 17 (e) (f) ) by moving the top of the gear 
shift lever to the far right and then to the rear. Most trucks have a 
trigger (interlock) arrangement at the gear shift ball to unlock the lever 
so that it can be moved from neutral to the far right. There will be some 
variation from different makes of trucks, from the position of REVERSE 
and the type of interlock. The lock prevents unintentional shifts to reverse. 
Never attempt to shift into reverse until the forward motion of the vehicle 
has been completely stopped. 
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An idler gear is used to reverse direction in a gear train. Notice how the 
idler gear fits into the transmission gear train. An additional shifting 
fork is contacted by the shift lever in the far right position. When the 
shift to reverse is completed, this fork moves the idling gear into mesh 
with the small countershaft gear and the large sliding gear at the same 
time. The small arrows in the inset show how the engine power flows 
through the transmission to move the propeller shaft and the wheels in the 
reverse direction. 

The different combination of gears in the transmission case makes it 
possible to change the vehicle speed while the engine speed remains the 
same. It is all a matter of gear ratios. Large gears drive small gears, 
and small gears drive large gears. 

In the truck transmission just described, the gear reduction in LOW gear 
is about 7 to 1 from the engine to the propeller shaft. In HIGH gear the 
ratio is 1 to 1, and the propeller shaft turns at the same speed as the 
engine. The SECOND and THIRD speed positions provide intermediate 
gear reductions between. LOW and HIGH. The gear reduction, or gear 
ratio, in REVE RSE , is about the same as in LOW gear, and the propeller 
shaft makes one revolution for every seven of the engine. 

In all our discussion and figures so far in this unit we have not taken 
friction into account at all. Friction is a variable factor and is hard to 
pm down. Bearings and lubrication are a very important subject, but too 
large to include in this unit. So, in most of the examples we show, we 
’will assume that the mechanism has the proper bearings and is well 
lubricated. 

In transmission systems, we use a number of anti-friction bearings. 

They are ball bearings, roller bearings and needle bearings. They have 
allowed us to do things which without them would have been difficult and 
complicated, if not impossible otherwise. Anti-friction bearings con- 
tribute to the efficiency and high speeds at which shafts and gears now run. 
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SECTION E — TRANSMISSION 




As a first step in transmission service, diagnosis of the trouble should 
be made to pinpoint the malfunction (trouble) in the unit. It is not always 
possible to determine the exact location of the trouble and the unit must 
be removed from the vehicle so it can be disassembled and inspected. 
Many times, an operator will report transmission noise, when in fact, the 
noise may be coming from some other component of the vehicle-. 

Noises that appear to come from the transmission but actually originate 
at some other point are many and varied. For example, an unbalanced 
propeller shaft, defective wheel bearings, or damaged tires may cause 
noises which a?*e transmitted to the transmission. These noises have no 
particular or characteristic sounds that would indicate their origin; they 
are therefore difficult to identify. 

Torsional vibration is one of the most frequent causes of noises that 
appear to be in the transmission, but actually originate outside of it. 
Included among these possible outside torsional vibrations are: 

1. Propeller shaft (drive shaft) out of balance 

2. Worn universal joints 

3. Drive shaft center bearings loose or worn 

4. Worn or pitted teeth on axle pinion and ring gear 

5. Wheels, out of balance 

6. Worn spring pivot bearings 

7. Loose frame or axle U-bolts 

8. Engine cooling fan out of balance 

9. Engine crankshaft, flywheel, and/or clutch 
out of balance 

10. Tires or wheels mismatched and wobbly. 

This list, along with other troubles that you have encountered in your own 
experience, can be used in a step-by-step guide in transmission trouble- 
shooting. Make sure that all possibility of outside noise has been 
eliminated before the transmission is removed for repair. 
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DIDACTOR PLATES FOR AM 2- 2D 




Plate I Twcf meshing gears of different types 




Plate II Torque measurement 



Plate III A simple gear 
arrangement 
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Plate IV Transmission with gears in reverse 
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Plate V Gears changing speed of 
applied motion 




Plate VI A magnification of 
effort 
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Plate VXI 



Four speed truck transmission 
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Plate VIII Four speed constant mesh 
transmission 
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